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[57] ABSTRACT 

A flexible multi-layered covering article 10 for protec- 
tion against the hazards of exposure to the environment 
of outer space. The covering 10 includes an outer layer 
section 12 comprising an outermost lamina 14 of woven 
expanded tetrafluoroethylene yams (Gore-Tex) for 
protecting against abrasion and tearing, an underlying 
weave 16 of meta-aramid yams (Nomex) and para-ara- 
mid yams (Kevlar) for particle impart protection, an 
electrostatic charge dissipation and control system 18 
incorporated therein, and a chemical contaminants con- 
trol barrier applied as a coating 19. A middle section 
includes a succession of thermal insulating layers 21 of 
polymeric thermoplastic or thermoforming material, 
each of which is coated with a metal deposit of high 
infra-red emissivity and low solar radiation absorption 
characteristics and separated from adjacent insulating 
layers 21 by a low thermal conductance material 26. 
The covering 10 further includes a radiation attenuating 
layer 28 of a tungsten-loaded polymeric elastomer 
binder for protecting against “bremsstrahlung” radia- 
tion and an inner layer 32 of “rip-stop” polyester mate- 
rial for abrasion protection. A chloroprene coating may 
be supplied the polyester-material for added microme- 
teroid protection. Securing means 36 of low heat con- 
ductance material secures the multi-layers together as a 
laminar composite. 

20 Claims, 2 Drawing Sheets 
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HAZARDS PROTECTION FOR SPACE SUITS AND 
SPACECRAFT 

ORIGIN OF THE INVENTION 5 

The invention described herein was made by employ- 
ees of the U.S. Government and may be manufactured 
and used by or for the Government of the U.S. of 
America for governmental purposes without the pay- 
ment of any royalties thereon or therefor. 10 

FIELD OF THE INVENTION 

This invention relates to flexible coverings and more 
particularly to a multilayered structure for use as a 
space suit cover garment for protection of astronauts 15 
when exposed to the hazards of space environment or as 
a protective shield for space vehicles and extraterres- 
trial planetary structures. 

BACKGROUND ART 20 

For astronauts engaged in extravehicular activity in 
the space environment, it is necessary to provide pro- 
tection against a variety of environmental hazards. The 
deployment of space stations and the prospect of long- 
term space missions including lunar base and planetary 25 
surface operations present additional and greater envi- 
ronmental hazards imposing greater and more stringent 
protection requirements. Accordingly, in the mission 
planning of such long-term space operations, special 
provisions must be made for chemical propellants pro- 30 
tection, enhanced radiation shielding, electrostatic 
charge control, and in missions involving low earth 
orbit environments, protection against materials degra- 
dation from the erosive effects of atomic oxygen bom- 
bardment. In addition, because of the presence of orbital 35 
debris resulting from previous space vehicle launches 
and space missions, there must be increased protection 
against impacts., 

Heretofore, space hazards protection has largely con- 
sisted of an integrated cover garment for space suits 40 
which provides protection against abrasion, sharp ob- 
jects, thermal extremes, and impacts by micrometeor- 
oids of a specified size range and limited mass flux den- 
sity. While protection against many of the hazards to be 
encountered in space operations have been disclosed in 45 
the prior art, there is no single system which can meet 
the requirements noted above. For example, U.S. Pat. 
No. 3,164,840 discloses a garment fabric having at least 
one layer of a wire mesh therein for protecting against 
a high frequency electromagnetic field and U.S. Pat. 50 
No. 3,284,806 discloses a garment having external wire 
mesh for minimizing abrasion. U.S. Pat. No. 3,489,591 
discloses a fabric made with water insoluble fibers 
coated with a lanthanum oxide, polytetrafluoroethylene 
mixture for radiation protection. U.S. Pat. No. 55 
3,563,198 entitled, “Fabric for Micrometeoroid Protec- 
tive Garment” addresses stitching fabrication tech- 
niques to preclude heat “shorts” through layers of gar- 
ment construction but does not address the totality of 
extravehicular environment hazards protection. 60 

A radiation control system for space suits utilizing 
rigid layers of high atomic number materials is disclosed 
in U.S. Pat. No. 3,465,153 and alternate rigid layers of 
low and high atomic number materials in a radiation 
control system for spacesuits are shown in U.S. Pat. No. 65 
3,130,413. U.S. Pat. No. 2,328,105 discloses an X-ray 
shield including a layer of porous material in which 
particles of a substance opaque to X-rays is dispersed 
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throughout the pores thereof and U.S. Pat. No. 
3,374,142 discloses a multilayered textile for insulation 
against heat and cold which is manufactured from syn- 
thetic fibers including nylon, polyester fleece, and poly- 
ethylene terephthalate. U.S. Pat. No. 3,211,153 discloses 
an anti-electrostatic garment with wire mesh in a fabric 
layer and various chemical protection features in gar- 
ment fabrics are disclosed in U.S. Pat. Nos. 3,547,765; 
3,586,596; 3,292,179, and 4,675,228. However, a single 
comprehensive protection system for protecting against 
the multiplicity of hazards to be encountered in long 
duration space operations has been lacking. 

SUMMARY OF THE INVENTION 

The present invention is a flexible multi-layered com- 
posite of materials in a unique arrangement and design 
which serves as a protective covering for man and 
structures alike when exposed to the hazards of the 
space environment and particularly the hazards associ- 
ated with space operations of relatively long duration. 
The covering is comprised of an outer layer which 
provides for abrasion protection, electrostatic charge 
dispersion, and protection against corrosive attack of 
chemical propellants. It further includes a succession of 
thermally insulating layers for protection against ther- 
mal extremes, a nuclear ionization radiation attenuating 
layer in the form of a polymeric elastomer binder mate- 
rial loaded with powder-sized particles of high density, 
high atomic number material, and a final anti-abrasion 
inner layer of a Neoprene-coated polymeric synthetic 
resin material such as “rip-stop” nylon. 

The outer layer is a laminar composite known com- 
mercially as Orthofabric which includes an outermost 
layer of woven expanded tetrafluoroethylene fibers, 
known commercially as Gore-Tex, and an underlying 
layer of meta-aramid and para-aramid fibers in a special 
weave therewith. Orthofabric is a product of Fabrics 
Development, Inc., Quakertown, Pa. and Gore-Tex, is a 
product of W.L. Gore & Associates, Inc., Elkton, MD. 
The meta-aramid and para-aramid fibers are best known 
as Nomex and Kevlar, products of E.I. DuPont de 
Nemours, Inc. Also woven with the Nomex and Kevlar 
yarns are wires or electrically conductive fibers in a 
criss-cross arrangement which provides for electro- 
static charge dispersion and a discharge path in the 
event of contact with unlike charged bodies. In addi- 
tion, a special coating applied to the Nomex and Kevlar 
weave provides a chemical contaminant control barrier 
for resisting chemical propellants. 

Each of the middle layers of thermal insulation is a 
thin film or fabric of polymeric thermoplastic or ther- 
moforming resin on which is vacuum deposited a metal- 
lic material with the characteristics of high infra-red 
emissivity and low solar radiation absorption. The lay- 
ers of thermal insulation are separated by a spacer mate- 
rial of low thermal conductivity such as a non-woven 
polyester scrim, which is adhesively applied between 
adjacent thermal insulation layers to prevent thermal 
“shorting”. Next adjacent the thermal insulation layers, 
the nuclear ionization radiation attenuation layer is in 
the form of a polymeric elastomer binder material 
which is loaded with micron size particles of powdered 
high density, high atomic number material such as tung- 
sten. The next adjacent layer is an anti-abrasion layer 
which also serves as a structural support for all the 
other layers and is the final inner layer of the protective 
covering. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded view of the multi-layered flexi- 
ble covering of the invention wherein each of the layers 
is shown in cross section and greatly enlarged; 

FIG. 2 is a fragmentary perspective view, showing 
the arrangement of filaments woven into the outer layer 
of the flexible covering of FIG. 1 and providing a means 
for electrostatic charge control; and 

FIG. 3 is a fragmentary view of the flexible covering 
of FIG. 1 in slightly reduced scale relative thereto, 
wherein each of the layers forming the multi-layered 
composite covering is partly broken away for purposes 
of illustration. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring more particularly to the drawings, there is 
shown FIG. 1 in exploded relation, a multilayered com- 
posite structure of a covering article 10 representing a 
preferred embodiment of the invention. 

The covering article 10 includes an outer layer 12 
which provides the principal protection against abra- 
sion and tearing by sharp cornered objects as well as the 
principal protection against impacts from micrometeor- 
oids and particles of debris. 

The outer layer 12 is a composite of three separate 
textile materials in a specialized weave combination 
previously identified as “Orthofabric”. The outermost 
material of the Orthofabric composite previously identi- 
fied as Gore-Tex is a woven fabric 14 of 400 denier yarn 
formed of 100% expanded tetrafluoroethylene fibers. 
Woven into the underside of the Gore-Tex is a special 
weave 16 of Nomex and Kevlar fibers, each of 200 
denier yam. In the Orthofabric, the special weave of 
Nomex and Kevlar yams is characterized in the warp 
direction by a two ply Kevlar yarn repeated for every 
23 Nomex yams and in the filling direction repeated for 
every 14 Nomex yarns. This results in a grid-like ar- 
rangement of Kevlar yams with spacing between the 
yarns of approximately J inch. Accordingly, the outer 
surface provided by the Gore-Tex outermost layer 14 
imparts to the garment a high degree of resistance to 
abrasion and tearing by sharp cornered objects while 
the tough underlying weave 16 of Nomex and Kevlar 
yarns provides protection against puncture by micro- 
meteoroids and debris as well as “rip-stop” protection 
against sharp corners and edges. 

Another hazard associated with space flight and the 
space environment is that in some orbits, primarily 
those associated with operations involving high inclina- 
tion orbits or polar orbits, static electrical charges may 
be induced by the auroras on the surface of an extrave- 
hicular object such as a space suited crew member or 
satellite. It is a great concern that these charges might 
find their way into electronic circuits and disrupt circuit 
operation or even disable the circuits. To avoid such 
damaging potentialities, electrically conductive fibers 
of carbon, metal or polymeric filaments 18 are woven 
with the Nomex and Kevlar yarns in the outer layer 
material in a criss-cross arrangement with approxi- 
mately l inch or 60 mm. spacing between the filaments 
or carbon fibers which are disposed to normally contact 
the similarly spaced filaments or carbon fibers at right 
angles thereto (FIG. 2). Such a grid-like array of electri- 
cally conductive elements results in a more uniform 
distribution and dispersion of charges over the outer 
surface of the covering article 10 in the event of a 
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charge build-up and also provides a safe path for the 
discharge of electrically charged particles should the 
protectively covered astronaut, spacecraft or satellite 
come in contact with bodies of unlike electrical charges, 
5 as might very likely occur during extravehicular servic- 
ing, maintenance and repair operations. 

It will therefore be seen that the outer layer incorpo- 
rates protective features including basic abrasion and 
sharp comer protection, electrostatic charge control 
10 and protection against impacts from micrometeoroids 
and space debris. It also serves as an effective barrier to 
dust in lunar or planetary dust environments to which it 
may be exposed. However, it is also exposed to other 
particles such as chemical contaminants which may be 
15 in the immediate vicinity. Space satellite and spacecraft 
propellants such as monomethylhydrazine (N2 H3 CH3), 
hydrazine (N2 H4), nitrogen tetroxide (N2 O4), and am- 
monia (NH3), used in servicing space radiators, are 
known to be very harmful to space suits and space 
20 structure materials when in contact therewith or in 
close proximity thereto. Particularly, such propellant 
contaminants are very capable of severely damaging the 
inner thermal superinsulation layers of protective cover 
garments for space suits. Accordingly, in the instant 
25 invention, a chemical contaminants control barrier as a 
protection against those hazardous chemicals is pro- 
vided by a tetrafluoroethylene (Teflon)-fluoroethylene 
propylene laminate 19, known as FEP, or alternatively, 
a silicone coating applied, preferably by a spray process, 
30 to the inside surface of the Orthofabric, i.e., against the 
Nomex-Kevlar weave. The silicone and FEP have 
resistance to a broad range of chemicals and are particu- 
larly resistant to the propellants identified above. 
Where maximum flexibility is an important goal, such as 
35 in a space suit cover garment application where maxi- 
mum mobility is needed, the selection of a thin silicone 
coating is preferred. 

Since objects in the vacuum environment of space are 
exposed to a wide range of temperatures in the order of 
40 approximately —275° F. to +240° F., the ability to 
withstand such a wide range of temperatures and ther- 
mal extremes is a critical necessity. In the instant inven- 
tion, the middle layers of the covering 10 contain spe- 
cific materials and specific construction to provide for 
45 protection against such thermal extremes. To achieve 
thermal protection, multi-layers 21 of an aluminized 
polymeric thermoplastic or thermoforming resin mate- 
rial such as aluminized Mylar, aluminized Kapton, or 
aluminized “rip-stop” fabric are employed. As used in 
50 the art, the term “rip-stop” is descriptive of a light- 
weight fabric of unbalanced construction designed to 
provide tear resistance through the use of a set of stron- 
ger warp and filling yarns in an alternate spacing con- 
struction. The Mylar or Kapton is formed as a very thin 
55 film of approximately 1 mm thickness on which is vac- 
uum deposited a very thin coating of aluminum of ap- 
proximately 700 Angstrom units thickness. The “rip- 
stop” fabric may similarly have a thin coating of alumi- 
num deposited. While vacuum depositing is the pre- 
60 ferred method of coating, other techniques such as 
vapor depositing might also be employed. 

To prevent thermal “shorting” between the individ- 
ual layers of aluminized material, the individual layers 
are separated from each other through the use of a low 
65 thermal conductive spacer material, such as a non- 
woven Dacron scrim 26 in a marquisette or grid pattern 
which is bonded to the Mylar, Kapton, or polyester film 
by a suitable adhesive. Typically, the number of layers 



4,923,741 


5 

of insulation and arrangement of the layers will be de- 
pendent upon the specific thermal environment design 
parameters for the particular application, whether it be 
a covering for a space suit, spacecraft, satellite, lunar or 
planetary base structure. Also, many variations in the 5 
arrangement of the thermal protective layers can be 
made to achieve a selected thermal environment design 
as by deleting layers, or reversing selected layers such 
as the lower layers 21 in FIG. 1 to minimize heat loss 
out of the space suit or space vehicle or other space 10 
structure. 

It is also intended that for fixed-wall or solid hull 
structure space suits, spacecraft, satellites, lunar or plan- 
etary surface structures, the extravehicular protective 
covering 10 can be employed as an integral layup or 15 
overwrap to the wall or hull structure and serve effec- 
tively as an environment thermal protective barrier. 
Where maximum long term wear endurance due to high 
flexure cycles are required (such as in a space suit over- 
garment application), the aluminized “rip-stop” polyes- 20 
ter fabric is recommended. For some applications it 
might also be desirable to intermix layers, for example, 
aluminized Kapton with aluminized “rip-stop” fabric to 
achieve an optimum combination of high thermal pro- 
tection and a high degree of flexibility. It is also to be 25 
noted that Mylar, Kapton, and “rip-stop” fabric are all 
polymeric thermoplastic or thermoforming resins, syn- 
thetic materials of relatively low atomic number, and in 
the form of a very thin film or fabric are very flexible 
and durable. Accordingly, other polymeric resins hav- 30 
ing similar characteristics could therefore be substi- 
tuted. Also, metals such as gold or silver, which have 
high infra-red emissivity and low solar radiation absorp- 
tion characteristics could also be selected as the vacuum 
deposited material as a substitute for aluminum. 35 

A further serious concern in the vacuum environment 
of space is the ionizing radiation produced by solar flare 
events, trapped solar electrons and protons from the 
Van Allen belts, and cosmic radiation emanations from 
deep space galactic sources. It is known, of course, that 40 
nuclear particle transport through matter is mostly con- 
trolled by the electron density of the particular material 
and in this respect, the energy losses sustained by nu- 
clear particles due to ionization in particle transport 
through matter are greatest for low density materials. 45 
Accordingly, the relativity low atomic number materi- 
als represented by Teflon, Nomex, Kevlar and silicone 
in the outer layer together with the low atomic number 
materials in the thermal protective layers provide effec- 
tive radiation protection from protons and other nu- 50 
clear particles. 

On the other hand, protection against secondary radi- 
ation, the “bremsstrahlung effect” produced by the 
sudden retardation of an electrical particle in an intense 
electric field, is best provided by relatively high density 55 
materials which inflict energy losses resulting from 
Compton-scattering collisions and the photoelectric 
phenomenon. Accordingly, the covering 10 includes a 
radiation protective media in the form of a layer 28 of 
tungsten-loaded polymeric elastomer such as silicone 60 
rubber or tetrafluoroethylene fabricated in its formula- 
tion by uniform mixing of tungsten particles in micron 
sized powder form with the tetrafluoroethylene or sili- 
cone rubber as a binder material, which mixture is then 
extruded as a smooth sheet. Variations in the amount of 65 
tungsten added by weight to the binder material as well 
as thickness and number of plies utilized for radiation 
attenuation would again, as in the case of thermal pro- 
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tection requirements, will depend upon the specific 
radiation environment design parameters for the partic- 
ular space suit, spacecraft, satellite, lunar or planetary 
base structure. It is also possible that other high density, 
high atomic number materials could be used in lieu of 
tungsten. However, the use of tungsten in lieu of lead 
powder in compounding the loaded radiation attenua- 
tion layer is much preferred due to tungsten’s higher 
density and its non-toxic properties. 

In the composite layup of the covering article 10, a 
final layer 32 of polymeric synthetic resin material is 
provided in the form of a woven “rip-stop” material 
The “rip-stop” material is preferably coated on the side 
thereof facing the thermal protection layers with a coat- 
ing of chloroprene or Neoprene. This final inner layer 
32 serves as an anti-abrasion layer and structural sup- 
port for the previously identified multi-layers. For this 
purpose, “rip-stop” nylon is a suitable selection. The 
Neoprene coating serves to provide added protection 
from micrometeoroids. 

To hold all the layers of the covering article 10 to- 
gether in a composite as shown in FIG. 3, a polyester 
thread stitching 36 is preferred, although various other 
threads, or a lacing cord could be used as well. It would 
be possible, also, to use brads, grommets or the like for 
binding the layers together since the particular mode of 
binding is not a crucial part of the invention, so long as 
thermal “shorting” does not become a problem. 

It is therefore to be noted that variations in the multi- 
ply composite configuration of the invention can 
readily be made to accommodate the unique protective 
design requirements for the specific extravehicular en- 
vironmental hazards encountered by space suited crew 
members, spacecraft, satellites as well as lunar and ex- 
traterrestrial planetary surface structures. Also, the 
nature of the construction features of the invention 
permits the multi-layer fabric-based and film materials 
to be easily patterned and shaped to anthropomorphic 
configured space suits as well as being formed as blan- 
kets or mats, or as flexible structural over wraps for use 
on spacecraft hulls, satellites or space structures. 

It will therefore be seen that the present invention is 
uniquely designed to provide protection against a vari- 
ety of environmental hazards encountered by space 
suited astronauts, spacecraft, satellites as well as lunar 
and planetary surface structures. This is accomplished 
through the use of a passive integrated, multi-layered 
composite of fabric based materials with incorporation 
therein of abrasion resistant features, a chemical propel- 
lant barrier coating, electrostatic dissipation features, 
radiation attenuation capability, enhanced mi- 
crometeoroid/particle protective capabilities and ther- 
mal protection features. 

It is also to be understood that the foregoing descrip- 
tion of a preferred embodiment of the invention has 
been presented for purposes of illustration and explana- 
tion and is not intended to limit the invention to the 
precise form disclosed. It is to be appreciated therefore 
that various material and structural changes, many of 
which are suggested herein, may be made by those 
skilled in the art without departing from the spirit of the 
invention. 

What is claimed is: 

1. A flexible covering article for providing protection 
against the hazards of exposure to the environment of 
outer space and extraterrestrial surfaces, said covering 
article comprising: 
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an outer layered section including an outermost lam- 
ina of woven expanded tetrafluoroethylene yams 
for protecting against abrasion and tearing, an un- 
derlying lamina of interwoven meta-aramid fiber 
yams and para-aramid fiber yams which are also 
woven to the inner side of said outermost lamina 
section, 

means including a plurality of electrically conductive 
elements woven in said underlying lamina with said 
meta-aramid and para-aramid fiber yams for distri- 
bution and dispersion of electrostatic charges 
which may accumulate on said outer layered sec- 
tion and for providing a potential discharge path 
for said charges, and 

chemical protection means in the form of a coating 
applied to the inward side of said interwoven meta- 
aramid and para-aramid fiber yams for protecting 
against chemical attack from chemical contami- 
nants comprised of spacecraft propellants; 

a middle section comprised of a plurality of succes- 
sively adjacent thermal insulation layers in the 
form of thin films or fabrics of polymeric thermo- 
plastic or thermoforming resin material, each of 
which is coated on one surface by a deposit of 
metallic material which exhibits a high degree of 
infra-red emissivity and low absorption of solar 
radiation, 

and a low thermal conductive spacer means for spac- 
ing each of said thermal insulation layers, to pre- 
clude thermal “shorting” between said thermal 
insulation layers; 

a flexible radiation attenuating section for protecting 
against secondary radiation produced by the 
bremsstrahlung effect and comprised of a layer of 
flexible binder material loaded with micron sized 
powder particles of a high density, high atomic 
number material uniformly dispersed therein; 

an innermost layer of woven polymeric thermoform- 
ing resin yarns for protecting against abrasion; and 

means for securing all of said layers of said covering 
together in a flexible laminated composite relation- 
ship. 

2. A flexible covering article as recited in claim 1 
wherein said electrically conductive elements are car- 
bon fibers or filaments which are interwoven with the 
meta-aramid and para-aramid fibers in a criss-cross ar- 
rangement wherein the electrically conductive ele- 
ments are in contacting relationship at their crossing 
points. 

3. A flexible covering article as recited in claim 2 
wherein said electrically conductive fibers are carbon 
fibers. 

4. A flexible covering article as recited in claim 1 
wherein said chemical protection means is a tetrafluoro- 
ethylene-fluoroethylene propylene laminate applied to 
the surface of said underlying lamina of interwoven 
meta-aramid and para-aramid fiber yarns. 

5. A flexible covering article as recited in claim 1 
wherein said chemical protection means comprises a 
silicone coating applied to the surface of said underly- 
ing lamina of interwoven meta-aramid and para-aramid 
fiber yarns. 

6. A flexible covering article as recited in claim 1 
wherein said thermal insulation layers include an alumi- 
nized film of thermoplastic material. 

7. A flexible covering article as recited in claim 1 
wherein said thermal insulation layers include a layer of 
polyester fabric having a coating of metallic material 
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applied to one surface thereof, said metallic material 
having the characteristics of high infra-red emissivity 
and low solar radiation absorption . 

8. A flexible covering as recited in claim 7 wherein 
5 said thermal insulation layers are arranged with their 

metallized surfaces disposed toward said outer layer of 
the covering. 

9. A flexible covering article as recited in claim 1 
wherein said spacer means separating the thermal insu- 

10 lation layers is a scrim of light weight polymeric ther- 
moforming resin material. 

10. A flexible covering article as recited in claim 1 
wherein the binder material of said radiation attenuation 
layer is silicone rubber. 

15 11. A flexible covering article as recited in claim 1 

wherein the binder material of said radiation attenuation 
layer is tetrafluoroethylene 

12. A flexible covering article as recited in claim 1 
wherein the binder material of said flexible radiation 

20 

attenuation layer is loaded with particles of powdered 
tungsten. 

13. A flexible covering article as recited in claim 1 
wherein said innermost layer of woven polymeric ther- 

25 moforming resin yams is a “rip-stop” polyester fabric 
having a coating of chloroprene on the surface thereof 
which is disposed toward said radiation attenuation 
layer and provides additional protection from microme- 
teoroids. 

3Q 14. A flexible multi-layered covering article for pro- 
tection against the hazards of exposure to the environ- 
ment of outer space, including: 

an outer layer section comprising an outermost lam- 
ina of woven expanded tetrafluoroethylene yarns 
3 5 for protecting against abrasion, an underlying 
weave of meta-aramid yarns and para-aramid yarns 
for protection against tearing, an electrostatic 
charge dissipation and control system incorporated 
therein, and a chemical contaminants control bar- 
40 rier ; 

a middle section including a succession of thermal 
insulating layers of polymeric thermoplastic or 
thermoforming material, each layer being coated 
with a metal deposit of high infra-red emissivity 
45 and low solar radiation absorption characteristics 
and separated from adjacent insulating layers by a 
low thermal conductance material; 

a radiation attenuating layer of a tungsten-loaded 
polymeric elastomer binder for protecting against 
50 “bremsstrahlung” radiation and meteoroid and 

debris particle protection; 

an inner layer of “rip-stop” polyester material for 
abrasion protection; and 

securing means of low heat conductance material 
55 securing the multi-layers together as a laminar 

composite. 

15. A flexible covering article as recited in claim 14 
wherein the polyester material is coated with chloro- 
prene for added micrometeoroid protection. 

60 16. A flexible covering article as recited in claim 14 

wherein the electrostatic charge dissipation and control 
system is formed of carbon fibers in a crisscross arrange- 
ment. 

17. A flexible covering article as recited in claim 14 
65 wherein the chemical contaminants control barrier is a 
tetrafluoroethylene-fluoroethylene propylene laminate 
applied to the weave of meta-aramid and para-aramid 
yarns. 
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18. A flexible covering article as recited in claim 14 
wherein the chemical contaminants control barrier is a 
silicone coating applied to the surface of the weave of 
meta-aramid and para-aramid yarns. 

19. A flexible covering article as recited in claim 14 
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wherein the thermal insulation layers include an alumi- 
nized film of thermoplastic material. 

20. A flexible covering article as recited in claim 14 
wherein a scrim of light weight polymeric thermoform- 
5 ing resin material separates the thermal insulation lay- 
ers. 
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